The purpose of this study was to report the functional and anatomical results of intravitreal ranibizumab (IVR) injections administered for myopic choroidal neovascularization (mCNV) secondary to pathological myopia. Methods: In this retrospective study, 32 eyes of 32 mCNV patients were evaluated. After a first IVR injection, patients were followed up and treated with an as-needed monthly regime. Best-corrected visual acuity and optic coherence tomography (OCT) findings were evaluated at baseline and then monthly. The reinjection criteria were a reduction in visual acuity and/or an increase in central macular thickness measured with OCT. Results: The mean age of the patients was 57.7±14.6 years, and the mean axial length was 27.8±1.3 mm. The mean visual acuity improved significantly from 46.4±9.7 letters at baseline to 54.1±9.5 letters at the last follow-up visit (p<0.05). The mean central macular thickness decreased from 301.4±11.7 μm at baseline to 258.8±12.5 μm at the last visit (p>0.05). The mean number of injections was 3.5±1.1, 2.3±0.9, and 1.7±0.8, at 12, 24, and 36 months, respectively.
Introduction
High degree myopia is a major cause of legal blindness in many developed countries (1) (2) (3) . It affects 27% to 33% of all myopic eyes, corresponding to a prevalence of 1.7% to 2% in the general population (4) . High myopia is defined as a refractive error of at least -6.00 D or an axial length of 26.5 mm or more. Pathological or degenerative myopia is defined as high myopia with any posterior myopia-specific pathology from axial elongation. A proportion of people with myopia have pathological myopia, which is characterized by excessive and progressive elongation of the globe, and is now considered to be an important cause of impaired vision and blindness worldwide (3, 4) .
Myopic choroidal neovascularization (mCNV) may develop in 5% to 10% of people with pathological myopia, and is mainly characterized by widespread chorioretinal degeneration in the posterior pole of the eye, the growth of new blood vessels from the choroid capillary layer, breaks of Bruch's membrane, subsequent subretinal hemorrhage, and fibrotic membrane formation under the foveola (5-7). Mechanical, heredodegenerative, and hemodynamic theories have been proposed to explain the development of mCNV (8) (9) (10) (11) (12) .
Before the era of intravitreal anti-vascular endothe-lial growth factor (VEGF) drugs (bevacizumab, pegaptanib sodium, ranibizumab and aflibercept), laser photocoagulation, verteporfin photodynamic therapy, and surgical excision or macular translocation were performed to treat mCNV (13) (14) (15) (16) . The results of the REPAIR (Phase 2) and the RADIANCE (Phase 3) studies demonstrated good visual gain and anatomical improvement with intravitreal ranibizumab (IVR) (17) (18) . The efficacy and safety of IVR for mCNV have been demonstrated in several small prospective and retrospective studies (19) (20) (21) (22) . There are a few reports on longterm outcomes of anti-VEGF therapy in mCNV in the literature (23) (24) (25) . The aim of this study was to report the long-term anatomical and visual outcomes of IVR monotherapy in naive CNV caused by myopia.
Methods
This study was a retrospective assessment of the records of 32 eyes of 32 consecutive patients who were given IVR. They were all diagnosed with mCNV and followed up for 3 years, with additional treatment provided on an as-needed basis. The study was approved by the ethics committee of Istanbul Bilim University. Written informed consent was obtained from each patient in accordance with the ethical principles stated in the Declaration of Helsinki.
The inclusion criteria were eyes with a myopic refractive error (spherical equivalent) ≥8.0 D or an axial length ≥26.0 mm, treatment naive mCNV, leakage of fluorescein from the CNV during fluorescein angiography, treated with anti-VEGF monotherapy, and a minimum follow-up period of 3 years after the first IVR treatment. Patients were excluded if they had CNV due to another etiology, any ocular disease other than pathologic myopia, any concurrent ocular disease in the study eye that could be the cause of vision loss; chronic ocular disease (uveitis and optic neuritis); open-angle glaucoma, angle-closure glaucoma, or suspected glaucoma; optic nerve disease (anterior ischemic optic neuropathy); neurological disease (multiple sclerosis); a history of other treatment for CNV; or a follow-up period of fewer than 36 months.
The IVR (Lucentis; Novartis Pharma AG, Basel, Switzerland) was injected at a dose of 0.5 mg/0.05 mL once per month for 3 consecutive months. The decision to administer further injections was made on an as-needed basis. At each visit, the best-corrected visual acuity (BCVA) was measured using the ETDRS scale. Each visit also incorporated a biomicroscopic examination of the anterior segment, measurement of intraocular pressure (IOP), a fundus examination, and a central macular thickness (CMT) measurement using optical coherence tomography (OCT) (Optovue , Inc., Fremont, CA, USA). The decision to administer subsequent injections was based on the BCVA and CMT results for each patient. The following criteria were considered when making a decision about reinjection: persistence or recurrence of subretinal fluid or cystic structures via OCT, an increase in the most recent OCT measurement of CMT of 50 µm or more, incipient CNV, incipient hemorrhage, and a loss of 5 or more letters when compared with the last recorded BCVA.
The intraocular injections were carried out under operating theater conditions. Following topical application of proparacaine, the eyelids, lashes, and conjunctiva were cleaned with 5% povidone iodine. After placement of a speculum to keep the eyelids open, IVR was injected at a distance of 4 mm from the superior temporal quadrant. After the injection, the patient was given a topical antibiotic in the quinolone group to use 4 times each day for a period of 7 days.
Biochemical values were measured at the first visit and after every 12 months, and hematology, blood chemistry, and urine were regularly monitored. IOP measurement (before and after each administration, using tonometry) and a standard ophthalmic examination were also performed at every visit.
The values are presented as the mean±SD. The Student's t-test or the Mann-Whitney U test was used to determine the significance of the differences in the BCVA, and CMT value recorded. A P value <0.05 was considered statistically significant.
Results
The mean age of the study patients was 57.7±14.6 years. Fourteen patients were men and 18 were women. All of the eyes were naive and all of the patients were treated with anti-VEGF monotherapy with IVR. The mean refractive error was -12.8±4.5 and the mean axial length was 27.8±1.3 mm ( Table 1) .
The mean number of ETDRS letters read was 46.4±9.7 at baseline, 53.2±10.9 at 6 months, 54.4±9.9 at 12 months, 54.3±8.8 at 18 months, 54.4±9.9 at 24 months, 54.2±10.1 at 30 months, and 54.1±9.5 at 36 months (p<0.005; baseline vs 6, 12, 18, 24, and 36 months). A BCVA improvement of ≥15 letters was seen in 9 (28.1%), 10 (31.2%), and 9 (28.1%) eyes at 12, 24, and 36 months, respectively. (Fig. 1 (Fig. 2) The mean number of injections administered was 3.5±1.1, 2.3±0.9, and 1.7±0.8 at the first, second, and third year, respectively. (Fig. 3) 
Discussion
The prevalence of myopia and high myopia has been increasing globally at an alarming rate, with significant increases in terms of the risks for vision impairment due to pathological conditions. High myopia was estimated to affect 2.8% (170 million) of the world population in 2010. Preliminary projections were based on these prevalence data and the corresponding population figures of United Nations. Considering the effects of age and time, we may assume that high myopia will affect 10.0% (925 million) of the world population by 2050 (26) .
The reported prevalence of pathological myopia based on population studies is 1% to 3% in adults, and 5% to 11% of those patients with pathological myopia develop mCNV. Several phenotypic features of pathological myopia are associated with an increased risk for mCNV; they include lacquer cracks, patchy atrophy, thinning of the choriocapillaris and choroid, and mCNV in the fellow eye (9, 12, 27) . Long-term studies of the natural course of pathological myopia have reported that almost all patients have significant vision loss (28) (29) (30) . In a 10-year follow-up of 25 patients with mCNV, visual acuity was found to be <20/200 in 89% of the patients 5 years after onset, and in 96% 10 years after the onset of CNV (31) .
In a prospective, interventional study of 19 highly myopic eyes of 18 patients with subfoveal and juxtafoveal CNV who were treated with intravitreal bevacizumab on a pro re nata (PRN) regimen after 3 loading injections, Ruiz-Moreno et al. (32) reported that the initial BCVA gain had decreased and was no longer significant by the end of the second year. However, these results could be related to the relatively small sample size and short follow-up period of the study. On the other hand, Gharbiya et al. (33) and Nakanishi et al. (34) demonstrated that intravitreal bevacizumab for mCNV led to a rapid and sustained visual and anatomical improvement over 2 years.
In a phase 3, 12-month, randomized, multicenter study of IVR in patients with mCNV, IVR was administered according to the presence/absence of CNV activity in 1 group and according to visual acuity changes in a second group. The RADIANCE study demonstrated that IVR treatment based on CNV activity was as effective as ranibizumab treatment based on visual acuity stability at 6 months (17). In the REPAIR study, Tufail et al. (18) reported that OCT-guided retreatment had excellent efficacy with a small number of injections in mCNV patients. Relying on these findings, a re-treatment regime based on functional parameters assessed with BCVA and morphological parameters assessed with SDOCT appears to be a reliable and effective procedure for mCNV patients.
Franqueira et al. (20) retrospectively analyzed the 3-year safety and efficacy of IVR. The change from baseline BCVA was +4.3 letters at 12 months, +6.4 letters at 24 months, and +8.0 letters at 36 months. Twenty-five percent of the patients gained ≥15 letters at 12 months, 30% at 24 months, and 35% at 36 months. A mean of 4.1 injections was administered in the first year, 2.4 in the second year, and 1.1 in the third year. In our study, the BCVA change was +8.0 letters at 12 months, +8.0 letters at 24 months, and +7.7 letters at 36 months. The BCVA gain was greater in the first year, and this gain was maintained for 3 years.
In a retrospective, nonrandomized study, Ladaique et al. (35) reported functional results concerning the efficacy of IVR for mCNV with a PRN regimen. The mean BCVA improved significantly from 62.8±13.8 letters at baseline to 72.8±12.9 letters at the last follow-up visit. The mean BCVA improvement of ≥15 letters was 21% at 12 months, 18% at month 24, 20% at month 36, and 22% at month 48 (35) . In our study, a BCVA improvement of ≥15 letters was noted in 28.1%, 31.2%, and 28.1% of eyes at 12, 24, and 36 months, respectively. Our relatively greater percentage of patients gaining ≥15 letters could be explained by the greater mean baseline BVCA of our study group. (62.8 vs 46. 4) In our study, the mean number of injections administered was 3.5±1.1, 2.3±0.9, and 1.7±0.8 injections at 12, 24, and 36 months, respectively. The percentage of eyes given ≤1 injection was 75% at 12 months, 82% at 24 months, and 88% at 36 months. Also, 81% of eyes received a maximum of 3 injections at 36 months. These findings confirmed that fewer injections were needed to achieve stable visual acuity than for other diseases that respond to anti-VEGF.
A retrospective research method and the small number of patients included are limitations of this study. The lack of control group for analysis of treatment decision specificity is also a limitation.
In conclusion, our study reports long-term safety and benefits of IVR monotherapy in the treatment of mCNV on a PRN regimen and confirms an excellent long-term visual prognosis with a small number of injections. However, randomized studies with long-term outcomes and a larger sample size are warranted. Injection numbers
